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Abstract 
We study the phase diagrams and thermodynamic properties of a system of coexisting itin-
erant electrons and local pairs (LP), in the presence of diagonal disorder. The model considered 
takes into account both the charge exchange couplings, responsible for superconducting orderings, 
and the density-density interactions, which can stabilize charge ordered states in the system. De-
pending on the strength of the random on-site potential, the interactions and the particle concentra-
tions the model is found to exhibit several various phases, including the homogeneous ones: super-
conducting (SC), charge density wave (CDW) and  nonordered (NO), as well as the phase separated 
states (CDW-SC and CDW-NO).  
 
Running title: “Effects of diagonal disorder on CDW and superconductivity” 
 
Keywords:  charge orderings, superconductivity, diagonal disorder, boson-fermion model, local 
pairs. 
 
  2
The model of coexisting itinerant electrons and bound electron pairs i.e. the boson-fermion 
model, has been recently proposed for a description of the superconducting copper oxides and other 
nonconventional (exotic) superconductors, the chalcogenide glasses, as well as some bipolaronic 
systems [1-3]. Up to now the studies of the model have been concentrated on the superconducting 
(SC) and nonordered (NO) phases [1-6].  
In this paper we extend the earlier investigation by including the charge ordered (CDW) states, 
which can be stabilized in the system by the density-density interaction (and/or the electron-phonon 
coupling). We point out the properties of these states, the competition between CDW and SC order-
ings and discuss the effects of the diagonal disorder in LP subsystem on the relative stability of 
various phases possible in the system. 
We consider the following model Hamiltonian: 
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o∆  measures the relative position of the local pair (LP) level with respect to the bottom of c-
electron band, iE  is the random LP site energy, µ  stands for the chemical potential, oI  and oV  
are the intersubsystem charge exchange and density-density interaction respectively, ijJ  and ijK  
denote the LP transfer integral and the LP density–density interaction, respectively. The charge 
operators for LP (hard-core bosons) +ib , ib  obey the Pauli spin 1/2 commutation rules [1 – 2], 
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randomness in fermion site energies, since weak disorder of this type is responsible mainly for re-
normalization of the single particle density of states (DOS).  
The model was analysed within the mean field variational approach (MFA-HFA) similar as that 
used earlier for the model (1) without disorder [1]. First, })({ io EF , i.e. the variational free energy 
for a given fixed configuration of the random site energy }{ iE  is obtained. Then it is configuration-
ally averaged over the random variable }{ iE  according to a preset probability distribution 
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The probability distribution })({ iEP  of }{ iE  is assumed to be )(})({ ∏=
i
ii EpEP , with 
)()( ii EpEp −=  [7] and in our work we consider two types of energy distribution: the two-delta 
distribution: )]()()[21()( oioii EEEEEp ++−= δδ , and the rectangular distribution: 
oi EEp 2/1)( =  for oi EE ≤|| , 0)( =iEp , otherwise. 
Assuming the existence of two interpenetrating sublattices (A and B) and restricting the analysis to 
the two-sublattice solutions [1, 7] we have derived the quenched free energies avio EF >< })({ and 
selfconsistent equations determining order parameters and µ  for various ordered phases possible in 
the system, including also the phase separated states. 
We have taken into consideration the following homogeneous phases: 
(1) singlet superconducting (SC) with 0≠xoρ  and 0≠ox , where 
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(2) charge ordered (CDW) with  
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(3)  nonordered (NO), (4)  mixed CDW-SC with 0≠zQρ , 0≠Qn  and  0≠xqρ , 0≠qx  
( Qqq
r
== ,  0 ), as well as the phase separated states: (5) CDW-SS phase separated (PS1), (6)  
CDW-NO phase separated (PS2). 
 
We have performed an extended analytical and numerical analysis of the properties of the model 
(1) both at T=0 and for T>0, as a function of o∆ , particle concentration, interaction parameters and 
disorder [8]. In the calculations we used for c-electrons a square DOS as well a semielliptic one 
with the effective bandwidth 2D and assumed the case of alternating (hypercubic) lattices, with 
ijJ , ijK  and ijt  restricted to nearest neighbours ( ∑=
j
ijo JJ , ∑=
j
ijo KK ).  
Below we only quote the main conclusions and show a few representative phase diagrams (Figs 
1-4), obtained by a comparison of the free energies 
avio EF }{  of all the possible solutions.  
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In the absence of the density-density interactions i.e. for V=K=0, the only phases possible in the 
system are SC and NO, and the effects of disorder in such a case have been discussed in more detail 
in Ref. [9]. 
The interactions  ijK  and oV  can stabilize CDW orderings in the system considered. They 
compete with SC and in general apart from the SC and NO phases the system can exhibit also the 
CDW and mixed CDW-SC phases, as well as the phase separated states CDW-SC (PS1) and CDW-
NO (PS2). 
1) One finds that both the SC and the CDW can be very strongly affected by the diagonal disorder 
in the local pair subsystem. This is in obvious contrast with the s-wave BCS superconductors 
which, according to the Anderson’s theorem, are rather insensitive to the disorder (i.e. to non-
magnetic impurities). 
2) The transition between CDW and NO phase a finite temperature can be either second or first 
order, depending on the strength of disorder. As we see from Fig. 1, for the two-delta distribu-
tion the increasing oE  changes first the nature of the phase transition from a continuous to dis-
continuous type, resulting in the tricritical point (TCP), then it suppresses CDW for all T. 
3) For 0≠oV  and/or 0>ijK  in a definite range of parameters the system can exhibit the phe-
nomena which we call a disorder induced superconductivity and a disorder induced charge 
ordering. In the ground state the former phenomena can occur at half-filling of the both bands 
( 12 == cb nn ) if oo IV > , or oo JK > : a discontinuous transitions from CDW to SC with 
increasing oE  (cf. Fig. 4). The latter one can be observed beyond half-filling of local pair band 
( 12 ≠bn ) for the two-delta distribution function: the first order transitions from the SC or PS1 
states into CDW-NO (PS2) state with increasing oE  (cf. Fig. 3). 
4) The detailed features of the phase diagrams are sensitive to the choice of the distribution function 
of the random potential (see e.g. Figs. 1 and 3). In particular, in the case  0≠oJ , 0≠ijK  
( 0== oo VI ) for the rectangular distribution the transitions from SC and CDW phases to NO 
state at finite temperatures are of second order for any local pair concentration pn and strength 
of disorder oE . On the contrary, for two-delta distribution both these transitions can be either 
second or first order, depending on bn  and oE  [8]. 
5) In the presence of the repulsive density-density interactions there are two types of phase sepa-
rated states possible in the system considered (PS1 and PS2) which can appear if 12 ≠bn .  
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In these states, the system breaks into coexisting domains of two different charge densities 
+n and −n . In real systems the size of the domains will be finite and determined by the long-
range Coulomb repulsion and structural imperfections. We expect, on the basis of our earlier 
studies concerning the case without disorder, that in the presence of long-range Coulomb interac-
tions the general structure of the phase diagrams derived will remain unchanged except of a pos-
sible replacement of PS1 and PS2 states by the homogeneous SC-CDW phase or the incommen-
surate (or striped) CDW phases. 
6) Our results are of relevance for several groups of noconventional superconductors and CDW 
systems with alternate valence, where the coexistences of LP states with itinerant electron states 
have been either established or suggested [1-3] and where the disorder introduced by doping or 
nonstoichiometry has to be an important effect. 
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Fig. 1. The CDW transition temperatures DTk CDWB 2/  as a function of DEo 2/  for ,2=n  
1/ =∆ Do , 2.02/ =DVo , 0=== ooo KJI  plotted for a) the two-delta distribution, b) the 
rectangular distribution. Solid and dashed lines mark second- and first order transitions and a star 
marks a tricritical point (TCP). 
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Fig. 2. The plots of  DTk CDWB 2/  vs DEo 2/  for  ,2=n  1/ =∆ Do , 1.02/ =DVo , 
0== oo JI  and several fixed values of DKo 2/  (numbers to the curves). The rectangular distri-
bution of  iE . 
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Fig. 3. Ground state phase diagrams as a function of DEo 2/  and bn2  for 05.02/ =DJo , 
0== oo VI  and 5.2/ =oo JK  for the two-delta distribution. 
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Fig. 4. Finite temperature phase diagrams as a function of DEo 2/  for ,2=n  1/ =∆ Do , 
( 0== oo KJ ) plotted for a) the two-delta distribution 15.02/ =DIo  ( 20.02/ =DVo ), b) the 
rectangular distribution 1.02/ =DIo  ( 15.02/ =DVo ). 
 
 
  
  
